09) B*B#ffF/? (jp) (12) & Hfl ^ ^ $g (a) (ummmm&mm^ 

#^2001-210263 
(P2001- 210263 A) 

(43)&M B ¥f&13¥ 8 3 B (2001. 8. 3) 

(5i)intci. 7 mmn pi f-va-r(##) 

H 0 1 J 37/21 H 0 1 J 37/21 B 5 C 0 3 3 

37/22 5 0 2 37/22 5 0 2 A 



f»5fc«<D#8 OL (^ 11 H) 



(21)tHR#^ 


#H2000 - 23276( P2000 - 23276) 


(7DHWA 


000005108 








t*5££*fcB:s£gffr?ff 


(22)mSB 


¥J&12*P 1 n 27 B (2000. 1. 27) 




JBRfPTft ffl IS#H @ 6#» 






(7DBKA 


000233550 
















^tt8JftO&^^rtJA'?TU^1040#S6 






(72)f£S8# 










^«J*O.fc^^TfjA^Tff^l040#M! to 














(74)«SIA 


100074631 



















■ 2 
_^10 



18 



E 



ami, is z 



J_ 



15 



X 



27 



2 0Wt-* X«aB3Kfcfi* § its i k Sr^ll k 



(54) mwo&m n&mrfMtm* ^<D?^j-sy?7*-%xmw^m&£zf*mfey : rt'fx<Dmw&£T$mw 

(57) imm 



19 



I Hcgal^Si i 



.14 



J_ 



17 





Tilths 







(2) 

1 

iiJU K7*-#*3S^fcJ:oT^l^XliWara* 10 

b-^&gk*^ f- -/Xb°-?c7)<iB£^f;BK±fc5i 
C If *II 3 ] lt*il 1 V *T . 

id^s^6«KW«a^«BB^«fci^aan*: 20 
mmnmrnn, mmm&t* L<iixt>mm^^mmm 
^mzm^&t titzmmmm . mm* =t u tisn § n 

YJitjiScoiSI 0 «t7 * — # x«S£ 7 * - 
>-XIIiBM3E*f&5&*-ft i k ^Bttt^tfW 

UfS3t3-fr4SHSf»i: , «^»*KW±fc«E§-fr4fe 



f§HH2 001-210263 
2 

*">f f 5 «y ? 7 * -#X$[J«§lik &MiLt5&E 

wtjW9 0 0 saw-* i k tf#a 7 #xstfbM£ 
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pictures in all parts of the field of view in a 
scanning electron microscope equipped with a 
dynamic focus function by executing a bird's eye 
view observation on samples having 2 or more tilt 
angles, particularly simultaneous observation on 
the secant cross section of a device and surface 
and cross section of an FIB processed sample. 

SOLUTION: The location of change in the tilt 
angle of a sample is identified by a signal wave 
after focusing . Based on such information as the 
above location of change in the tilt angle, focus 
current value, tilt angle information from the 
tilt angle read-in section 17 and observation 
magnification information from the magnification 

read- in section 18, focus variation rate Al is 
calculated for each of scanning lines conforming 
to the tilt angels before and after the location 
of change in the tilt angle. Superposition is 
gradually proceeded with from the dynamic focus 
control section 19 to the object lens power 20, 
conforming to Y-direction scanning. The above 
method serves to prevent out-of- focus pictures in 
bird's eye view observation. 

COPYRI GHT : ( C ) 2 0 0 1 , JPO 
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FULL CONTENTS 
[Claim(s)] 

[Claim 1] The electron gun which generates an electron beam, the irradiation part on which 
converge and which an electron beam is made to irradiate, and the deviation part for making 
an electron beam scan on a sample, In the scanning electron microscope equipped with the 
detector which detects the signal generated from the sample surface by electron irradiation, 
and the dynamic focus control part which operates a dynamic focus The scanning electron 
microscope characterized by asking for the change position of the inclination of a sample from 
focal current information, computing the amount of focal change united with the inclination 
before and behind a change position, and setting up the amount of change of object lens 
exciting current with this amount of focal change. 

[Claim 2] The scanning electron microscope characterized by having the display part which 
indicates the detected signal by a screen in Claim 1, computing the peak position in quest of a 
top peak from the change of a signal waveform by focal search, and deciding the position of a 
top peak on a display screen from the center of a display screen, and a peak position. 
[Claim 3] In Claim 1 , [ the amount of change of object lens exciting current ] The scanning 
electron microscope characterized by being set up based on the magnification information 
read into the magnification reading part from the angle-of-gradient information, magnification 
control part, or input device read into the stage control part or the sample angle-of-gradient 
reading part from the input device, and the picture information memorized by the image 
memory. 

[Claim 4] in Claim 1 -- every scanning return time of the direction scan of Y -- focal current - 
the amount of focal current change -- serial addition -- or [ it subtracts, is considered as the 
present focal current, and ] From the change position of the inclination of a sample, it is the 
scanning electron microscope characterized by subtracting or adding the amount of focal 
current change to the present focal current one by one, asking for the present focal current, 
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and setting up object lens exciting current of one line. 

[Claim 5] The electron gun which generates an electron beam, the irradiation part on which 
converge and which an electron beam is made to irradiate, and the deviation part for making 
an electron beam scan on a sample, In the scanning electron microscope equipped with the 
detector which detects the signal generated from the sample surface by electron irradiation, 
and the dynamic focus control part which operates a dynamic focus Ask for the change 
position of the inclination of a sample from focal current information, and the amount of focal 
change united with the inclination before and behind a change position is computed. The 
scanning electron microscope characterized by setting up object lens exciting current, reading 
and memorizing two or more set-up object lens exciting current in one frame with this amount 
of focal change, and setting up the fiducial point and the amount of change of object lens 
exciting current in one frame. 

[Claim 6] The electron gun which generates an electron beam, the irradiation part on which 
converge and which an electron beam is made to irradiate, and the deviation part for making 
an electron beam scan on a sample, In the dynamic focus control method of the scanning 
electron microscope equipped with the detector which detects the signal generated from the 
sample surface by electron irradiation, and the dynamic focus control part which operates a 
dynamic focus The dynamic focus control method of the scanning electron microscope 
characterized by computing the amount of focal change accompanying asking for the change 
position of the inclination of a sample from focal current information, and 90 degrees of the 
directions of a viewing screen changing in the sample from which 90 degrees of directions of 
dip of a viewing screen change. 

[Claim 7] The electron gun which generates an electron beam, the irradiation part on which 
converge and which an electron beam is made to irradiate, and the deviation part for making 
an electron beam scan on a sample, In the dynamic focus control method of the scanning 
electron microscope equipped with the detector which detects the signal generated from the 
sample surface by electron irradiation, and the dynamic focus control part which operates a 
dynamic focus The dynamic focus control method of the scanning electron microscope which 
is made to carry out the arbitrary angle inclination of the sample, and is characterized by 
asking for the change position of the inclination of a sample from focal current information, and 
computing the amount of focal change accompanying the inclination before and behind a 
change position from each focal current of the change position of an inclination, and the end 
position of a scanning. 

[Claim 8] In the surface of the semiconductor device by a scanning electron microscope, and 
the grasp method of cross-sectional form Carry out the arbitrary angle inclination of the 
semiconductor device, and it asks for the change position of the inclination of a sample from 
focal current information. The surface of a semiconductor device and the grasp method of 
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cross-sectional form which are characterized by computing the amount of focal change 
accompanying the inclination before and behind a change position, controlling magnetization 
lens current, and acquiring the surface and the section on the same view of a display screen in 
the picture of one sheet. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the scanning electron microscope with a 
dynamic focus function and a sample gradient function which forms an image with the signal 
generated from the sample surface, and relates to the simultaneous observation of the surface 
of a sample, and a section which performed the rate section of a semiconductor device, and 
FIB processing especially about observation of the inclined sample. FIB processing is the 
processing method which can create arbitrary sections in arbitrary places here by irradiating 
Ga ion beam in the sense of processing by Focused Ion Beam at a sample. 
[0002] 

[Description of the Prior Art] Although generally known for having the deep depth of focus by a 
scanning electron microscope, in high resolution observation, it is necessary to enlarge the 
difference angle of the electron beam at the time of sample irradiation, and to make the 
diameter of spot of an electron beam small. At this time, the depth of focus is in inverse 
proportion to a difference angle (it becomes shallow). 

[0003] Therefore, a dynamic focus is used in order to lose dotage of the focus by the difference 
in the height of a sample, when performing high resolution observation in the state where the 
sample was inclined. 

[0004] Moreover, also in surface observation of the sample of a single inclination, in using a 
dynamic focus, the amount of change of a focus is performed by manual operation, looking at 
a screen, and the operation is complicated and requires some skill. 
[0005] As the Measurement Division technique for the sample which has a spread in the 
direction of Z, as shown, for example in JP,H5-299048,A, a focus is shaken forward and 
backward, the part which the focus suited, and its Z-axis information are extracted, and there is 
a technique displayed [ which displays and generates a bird's-eye view ] by adding and uniting 
it. 

[0006] 

[Problem to be solved by the invention] In actual operation of a dynamic focus, [ adjustment of 
the amplitude of a pulse signal ] Complicated operation is needed, in order for manual 
operation to adjust the amount of change, observing a scanning electron microscope image so 
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that a focus may suit simultaneously in the screen upper part and the lower part after uniting a 
focus centering on a screen. 

[0007] The observation needs of the processing side are growing steadily with the spread of 
convergence ion beam machining equipment. It is necessary to perform a sample inclination 
for the observation from physical restriction, and especially in box processing, in order to take 
correspondence with surface structure, simultaneous observation of the surface and a section 
is performed. Box processing is a processing method which makes a hole in a box type from 
the sample surface here in order to perform cross-sectional observation of the arbitrary part 
(for example, failure part of a device) of a sample. 

[0008] Moreover, about the thin film evaluation in a semiconductor or a display device, the 
formation process of the film the cross-sectional structure corresponding to surface form or its 
form and from a section etc. serves as an important factor which determines the characteristic 
of a thin film, therefore simultaneous observation of the surface and a section is indispensable. 

[0009] However, in the dynamic focus in the conventional technology, like the rate section of a 
FIB processing sample or a semiconductor device, since the angle of gradient of a viewing 
screen changes in a frame in the bird's-eye view observation which observes the section and 
the surface of a sample together, if it unites with one inclination, a focus does not suit the 
opposite side. Therefore, the present condition is not using a dynamic focus but observing by 
uniting a focus only with one of the inclinations of the sample surface and a section, or uniting 
a focus only with the pole near the change of the surface and a section part. 
[0010] However, as mentioned above, in component-engineering development of a 
semiconductor or a display device, Miquelon Udah, or the table and cross-sectional 
simultaneous observation evaluation of the thin film not more than it is indispensable, and it 
was anxious for establishment of the observation technique which a focus suits all over a 
bird's-eye view. 

[001 1] When it specializes in a FIB processing sample or a sample with a comparatively big 
change of the direction of the Z-axis like simultaneous observation of the surface and the 
section of a thin film, required acquisition picture number of sheets increases, and since the 
technique of JP,H5-299048,A mentioned above takes great processing time, by it, 
measurement by a quantity throughput cannot be performed easily. 

[0012] In a certain case, at least two or more directions of a sample inclination, such as a FIB 
processing sample and a rate section sample of a semiconductor device, set especially the 
purpose of this invention to simultaneous observation of the surface and a section. It is in 
offering the surface of the scanning electron microscope which can unite a focus automatically 
and simple all over a view, its dynamic focus control method, and a semiconductor device, and 
the grasp method of cross-sectional form. 
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[0013] 

[Means for solving problem] The electron gun which generates an electron beam in this 
invention in order to attain said purpose, The means on which converge and which an electron 
beam is made to irradiate, and the deviation means for scanning an electron beam on a 
sample, In the detector which detects the signal generated from the sample surface by 
electron irradiation, the means for displaying the detected signal, a means to incline a sample, 
and a scanning electron microscope equipped with a dynamic focus function It is in setting up 
and observing the amount of change of object lens exciting current based on observation 
conditions. Thereby in the sample which has at least two or more inclinations, there is an angle 
during the inclination of two viewing screens, such as a FIB processing side and a rate section 
of a semiconductor device, in obtaining the picture which the focus suited all over the view 
automatically and simple to the sample which is 90 degrees especially. 
[0014] The above "observation conditions" is the observation conditions when obtaining the 
last picture here, and focal current value information, angle-of-gradient information, 
magnification information, and picture information are included. 

[0015] This invention specifically offers the equipment and the method of hanging up over the 
next. 

[0016] The irradiation part which it is completed and makes the electron gun which generates 
an electron beam, and an electron beam irradiate this invention, In the scanning electron 
microscope equipped with the deviation part for making an electron beam scan on a sample, 
the detector which detects the signal generated from the sample surface by electron 
irradiation, and the dynamic focus control part which operates a dynamic focus It asks for the 
change position of the inclination of a sample from focal current information, the amount of 
focal change united with the inclination before and behind a change position is computed, and 
the scanning electron microscope which sets up the amount of change of object lens exciting 
current with this amount of focal change is offered. 

[0017] This invention is equipped with the display part which indicates the signal detected 
further by a screen, computes the peak position in quest of a top peak from the change of a 
signal waveform by focal search, and offers the scanning electron microscope which decides 
the position of a top peak on a display screen from the center of a display screen, and a peak 
position. 

[0018] Further this invention [the amount of change of object lens exciting current] The 
scanning electron microscope set up based on the magnification information read into the 
magnification reading part from the angle-of-gradient information, magnification control part, or 
input device read into the stage control part or the sample angle-of-gradient reading part from 
the input device and the picture information memorized by the image memory is offered. 
[0019] this invention -- further -- every scanning return time of the direction scan of Y -- focal 
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current -- the amount of focal current change -- serial addition -- or [ it subtracts, is considered 
as the present focal current, and ] From the change position of the inclination of a sample, the 
amount of focal current change is subtracted or added to the present focal current one by one, 
it asks for the present focal current, and the scanning electron microscope which sets up 
object lens exciting current of one line is offered. 

[0020] The irradiation part which it is completed and makes the electron gun which generates 
an electron beam, and an electron beam irradiate this invention, In the scanning electron 
microscope equipped with the deviation part for making an electron beam scan on a sample, 
the detector which detects the signal generated from the sample surface by electron 
irradiation, and the dynamic focus control part which operates a dynamic focus Ask for the 
change position of the inclination of a sample from focal current information, and the amount of 
focal change united with the inclination before and behind a change position is computed. With 
this amount of focal change, object lens exciting current is set up, two or more set-up object 
lens exciting current in one frame is read and memorized, and the scanning electron 
microscope which sets up the fiducial point and the amount of change of object lens exciting 
current in one frame is offered. 

[0021] The irradiation part which it is completed and makes the electron gun which generates 
an electron beam, and an electron beam irradiate this invention, The deviation part for making 
an electron beam scan on a sample, and the detector which detects the signal generated from 
the sample surface by electron irradiation, In the dynamic focus control method of the scanning 
electron microscope equipped with the dynamic focus control part which operates a dynamic 
focus In the sample from which 90 degrees of directions of dip of a viewing screen change, it 
asks for the change position of the inclination of a sample from focal current information, and 
the dynamic focus control method of the scanning electron microscope which computes the 
amount of focal change accompanying 90 degrees of the directions of a viewing screen 
changing is offered. 

[0022] The irradiation part which it is completed and makes the electron gun which generates 
an electron beam, and an electron beam irradiate this invention, The deviation part for making 
an electron beam scan on a sample, and the detector which detects the signal generated from 
the sample surface by electron irradiation, In the dynamic focus control method of the scanning 
electron microscope equipped with the dynamic focus control part which operates a dynamic 
focus The arbitrary angle inclination of the sample is carried out, it asks for the change position 
of the inclination of a sample from focal current information, and the dynamic focus control 
method of the scanning electron microscope which computes the amount of focal change 
accompanying the inclination before and behind a change position from each focal current of 
the change position of an inclination and the end position of a scanning is offered. 
[0023] In the surface of the semiconductor device according [ this invention ] to a scanning 
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electron microscope, and the grasp method of cross-sectional form Carry out the arbitrary 
angle inclination of the semiconductor device, and it asks for the change position of the 
inclination of a sample from focal current information. The amount of focal change 
accompanying the inclination before and behind a change position is computed, and the 
surface of a semiconductor device and the grasp method of cross-sectional form of controlling 
magnetization lens current and acquiring the surface and the section on the same view of a 
display screen in the picture of one sheet are offered. 
[0024] 

[Mode for carrying out the invention] One work example concerning this invention is hereafter 
explained based on Drawings. 

[0025] Drawing 1 is the block diagram showing the work example of this invention, and 
drawing 2 and drawing 3 are the partial detail views of drawing 1 . In these figures, the electron 
beam 4 obtained with the electron gun 1, the drawer electrode 2, and the accelerating 
electrode 3 is completed as the surface of a sample 7 with a condensing lens 5 and the object 
lens 6. At this time, according to arbitrary setting magnifications, [ part / 10 / magnification 
control / magnification information ] It is told to the direction scanning control part 11 of X, and 
the direction scanning control part 12 of Y, respectively, and the electron beam 4 scans the 
sample 7 surface by inputting into the direction scanning coil 8 of X, and the direction scanning 
coil 9 of Y the scanning pulse signal which balanced magnification from the scanning control 
parts 1 1 and 12, respectively. That signal is memorized by the image memory 27 as a picture 
signal at the same time the secondary electron 22 generated from the sample surface is 
detected by a detector 23, and serves as a signal at this time and it is displayed as a scanning 
electron microscope image. Moreover, including sample inclination operation equipment (not 
shown), the sample stage 13 is controlled by the stage control part 14, and performs sample 
inclination, sample movement, etc. 

[0026] The current value information read from the object lens 6 in the focal current reading 
part 15, The angle-of-gradient information read from the stage control part 14 or the input 
device 16 in the Tilt angle reading part 17, Based on the magnification information read from 
the magnification control part 10 or the input device 16 in the magnification reading part 18, 
and the picture information (memory address) memorized by the image memory 27 as shown 
in drawing 2 In the dynamic focus control part 19, amount of focal change deltaf united with the 
inclination before and behind the change (end face) position Pn (after-mentioned) of the 
inclination in the direction scan of Y and an end-face position can be computed (after- 
mentioned), it can be made to be able to superimpose on the object lens power supply 20, and 
a focus can be united all over a sample. At this time, it is possible by using few exclusive coils 
or the electrostatic auxiliary lens 90 of the number of turns to improve the readiness of a focal 
change. 
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[0027] A detector 23 detects the secondary electron 22 generated from the sample surface 21. 
As a signal, on the display screen of the cathode-ray tube 24, the detected electron is scanned 
with the direction scanning coil 8 of X, the direction scanning coil 9 of Y, the direction scanning 
coil 25 of cathode-ray tube X with which the synchronization was taken, and the direction 
scanning coil 26 of cathode-ray tube Y, and is displayed as a scanning electron microscope 
image. Moreover, the picture signal is memorized by the image memory part 27 
simultaneously with a display. 

[0028] At the time of an electron beam scan, a direction scanning pulse signal 31 of a short 
cycle of X like drawing 4 (a) and the direction scanning pulse signal 32 of Y of a long cycle are 
inputted into each scanning coil. In the scanning time 33, the direction scanning pulse signal 
31 of X changes, and the direction scan of X is performed. At this time, the direction scanning 
pulse signal 32 of Y does not change, and the direction scan of Y is not performed. In the 
scanning return time 34, the direction of X returns to the scanning position of a basis, and a 
fixed quantity of direction scans of Y move. By movement at this time, a scanning line will 
progress in the direction of Y by one. By repeating this cycle, the scan 35 for one frame is 
performed on the sample surface like drawing 4 (b). 

[0029] A flow is shown in drawing 5 as an example of operation of this invention. First, the 
target view is displayed on a screen (501). At this time, the axis of an inclination is set in the 
direction of X by mechanical rotation or raster rotation. Mag. (observation magnification) and 
Tilt (sample angle of gradient) are recorded (502), and the value of opposite Perilla frutescens 
(L.) Britton var. crispa (Thunb.) Decne. is displayed on an operator (503). At this time, in No, 
magnification and an angle of gradient are inputted from a keyboard etc. (504), and it returns 
to Step 502, and it is repeated until it is set to Yes at Step 503. In Yes, autofocus (505) is 
performed and it memorizes the value of the focal current I at that time as focal current I of the 
change position of an inclination (Std) (506). Said step 506 is because the focus of autofocus 
suits to an end-face position in bird's-eye view observation. The present raster rotation (507) of 
90 observation condition pluses and present Focus Search are performed clockwise (508), the 
Top Peak position of a picture signal is detected (509), and the end-face position Pn is 
computed (510). 

[0030] The key map of operation in the above-mentioned steps 507-510 is shown in drawing 
7 . Since Focus Search in Step 508 is performed to the direction of X, Step 507 is a step for 
uniting the end-face position Pn to the direction of Y in the direction of X. the signal waveform 
according to the focal search (Focus Search) when the focus suits the end-face position Pn at 
Steps 508-509 -- top peak (Top Peak)72 of 71 become the position. Step 510 is a step which 
computes the end-face position 75 from the distance 74 between two on the display screen of 
the top peak 72 and the center 73 of a display screen (after-mentioned). The position of the top 
peak 72 at this time and the center 73 of a display screen is determined by the address of the 
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pixel of the image memory part 27. Moreover, the distance 74 for two points is found by 
converting the value into the distance on a display screen from the difference of the value of X 
of the pixel address for two points. 

[0031] it is shown in drawing 6 -- as -- the value of Mag., Tilt (theta), and Pn -- amount of focal 
change deltaf(P1, Pn)from the direction scanning starting position P1 ofYto the end-face 
position Pn -- and Amount of focal change deltaf (Pn, Pmax) from the end-face position Pn to 
the end position Pmax of the direction scanning of Y is computed (511). (after-mentioned) 
[0032] The focal current I (P1 ) and the end position Pmax of the direction scanning of Y at the 
time of the value of delta f (P1 , Pn), delta f (Pn, Pmax), and I (Std) which were obtained from 
said step to the direction scanning starting position P1 of Y The focal current I at the time 
(Pmax) is computed (512). (after-mentioned) 

[0033] From I (P1) and I (Pmax) which were obtained from said step, amount of focal current 
change deltal per scanning line of the section from the direction scanning starting position P1 
of Y to the end-face position Pn (P1, Pn), The end-face position Pn to end position Pmax of the 
direction scanning of Y Amount of focal current change deltal per scanning line of the section 
of until (Pn, Pmax) is computed (513). (after-mentioned) 

[0034] The following steps are steps to which the amount of focuses is changed one by one 
using delta I (P1, Pn), delta I (Pn, Pmax), I (P1), and I (Pmax) which were obtained by the 
above-mentioned steps 51 1-513. Focal current I is set as I (P1) (514). The direction scan of 
one line of Y is performed (515). At this time, the direction scan of Y progresses only the 
scanning time 33. Whenever the scanning return time 34 comes until the number In of the 
direction scanning lines of Y becomes In (Pn) and the (after-mentioned), serial addition of the 
amount of focal current change deltal (P1 , Pn) is carried out to focal current I (516-517). 
[0035] When In turns into In (Pn), progress to the following step and it sets in the section of the 
scanning return time 34. Until it subtracts amount of focal current change deltal (Pn, Pmax) 
from the present focal current I one by one (518), it performs the direction scan of one line of Y 
like Step 515 after that and the number In of the direction scanning lines of Y is set to In 
(Pmax) (after-mentioned) Whenever the scanning return time 34 comes, amount of focal 
current change deltal (Pn, Pmax) is subtracted from focal current I one by one (518-520). At 
Step 520, when set to Yes, the scan for one frame is completed and final focal current I is set 
to I (Pmax). 

[0036] By the above-mentioned steps 514-520, focal current I can change along with a sample 
inclination, and the bird's-eye view picture which had the focus in the whole can be obtained. 
[0037] The calculation method of the end-face position Pn in Step 510 mentioned above is 
shown below using drawing 7 . The scanning movement magnitude and the number of 
scanning lines on the sample from the direction scanning starting position P1 of Y to the end- 
face position Pn are set to y (Pn)76 and In (Pn), respectively. The scanning movement 



://dossierl.ipdl.inpit.goj 6/24/2008 



JP, 2001-210263, A [FULL CONTENTS] 



Page 10 of 21 



magnitude and the number of scanning lines on a sample are set to y (Pmax)77 and In 
(Pmax), respectively from the direction scanning starting position P1 of Y to the end position 
Pmax of the direction scanning of Y. y (Pmax) and In (Pmax) are the same as that of the total 
scanning movement magnitude of the direction of sample top Y, and the total number of 
scanning lines respectively here. Therefore, if display width of the direction of Y in the last 
display screen is set to Ly and magnification is set to M, it is the total scanning movement 
magnitude of the direction of Y. y(Pmax) =Ly/M - (formula 1) 

It is come out and expressed. From this, movement magnitude [ of the direction / on a sample / 

of Y per scanning line ] y (1) is expressed with the following formula. 

[0038] 

y(1) =y(Pmax)/ln (Pmax) - (formula 2) 

Moreover, the number In (center) of the direction scanning lines of Y to a display screen center 

is expressed with the following formula. 

[0039] 

In(center) =ln(Pmax) 12 - (formula 3) 

Moreover, [ the number of the direction pixels of X from the screen center searched for from 
the pixel address of the image memory part 27 to Top Peak ] if Pixel (XT-C), and the direction 
[ of Y ] all number of pixels are set to Pixel (Y) Distance LT-C between two on a display screen 
LT-C=Pixel (XT-C) and Ly/Pixel (Y) - (formula 4) 

It becomes. Since the number Pixel of the direction pixels of X of an upper type (XT-C) is a 
value after the raster rotation of 90 degrees, substance is because it is the same as the 
number of pixels of the direction of Y in front of raster rotation. Moreover, the number In (LT-C) 
of scanning lines In(LT-C) =ln (Pmax) and LT-C/Ly - (formula 5) 

It becomes. From this, it is the number In of scanning lines to the end-face position Pn (Pn). In 
(Pn) =ln(center)**ln (LT-C) - (formula 6) 
= In(Pmax)- (0.5**LT-C/Ly) - (formula 7) 

It becomes, therefore, movement magnitude [ to (a formula 1) and (formula 2) (formula 7) the 
end-face position Pn ] y (Pn) -- 76 -- y(Pn) =ln(Pn) and y(Pmax)/ln (Pmax) - (formula 8) 
= (0.5 Ly**LT-C) /M - (formula 9) 

It becomes. As for the number In of scanning lines of the end-face position Pn (Pn), 76 can be 
found from (a formula 9). When the position of Top Peak72 is on the left of the screen center 
73, it is that it is added like this example, and (a formula 6) and (formula 7) (formula 9) inner ** 
are subtracted when it is in the right conversely. 

[0040] the schematic view of operation in Steps 51 1-513 -- drawing 8 -- delta f (P1, Pn), delta f 
(Pn, Pmax), I (P1), I (Pmax), and delta I (P1, Pn) and delta I (Pn, Pmax) -- the formula of each 
value is shown below. From drawing 8 , when the electron beam 4 is scanned by the sample 
(section) 81, from the direction scanning starting position P1 of Yto the end-face position Pn 
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The amount deltaf(P1, Pn) 82 of required change of a focus, The amount deltaf(Pn, Pmax) 83 
of required change of the focus from the end-face position Pn to the end position Pmax of the 
direction scanning of Y is expressed like the following formula from above-mentioned y (Pn) 
and y (Pmax). 
[0041] 

deltaf(P1, Pn) =y (Pn) -tantheta - (formula 10) 

deltaf(Pn, Pmax) = (y(Pmax)-y(Pn) and tan(90-theta) - (formula 11)) 

Here, in drawing 8 , y (Pn) is equivalent to 84 and (y(Pmax)-y(Pn)) is equivalent to 85. If the 

working distance in the end-face position Pn called for from I (Std) is set to d (Pn) from this 

The amount I of focal current (P1) needed in the direction scanning starting position P1 of Y, 

and end position Pmax of a scanning The amount I of focal current needed by setting (Pmax) I 

(P1) =k- (d (Pn) +deltaf (P1, Pn)) - (Formula 12) 

l(Pmax) =k- (d (Pn) +deltaf (Pn, Pmax)) - (formula 13) 

It is come out and expressed, k in a figure is a constant which becomes settled with 
accelerating voltage, the coil number of turns of a lens, the form of a lens, etc. 
[0042] From this, amount of focal current change deltal per direction scanning line of Y of the 
section from the direction scanning starting position P1 of Y to the end-face position Pn (P1, 
Pn), Amount of focal current change deltal per direction scanning line of Y of the section from 
the end-face position Pn to the end position Pmax of a scanning (Pn, Pmax) deltal(P1 , Pn) =l 
(P1)/ln (Pn) - (formula 14) 

deltal(Pn, Pmax) =l(Pmax)/(ln(Pmax)-ln (Pn)) - (formula 15) 
It becomes. 

[0043] In the form of the above-mentioned implementation, although autofocus was used, you 
may unite Step 505 with a manual. 

[0044] One form of this operation is the case where the angle of the viewing screen of a 
sample changes 90 degrees. In a FIB processing side, this is because the angle between the 
surface and a section turns into about 90 degrees in the rate section of a semiconductor 
device for ******** by the crystal direction of the Si board in order to glare and process an ion 
beam perpendicularly to the sample surface. 

[0045] When [ moreover, ] the angle between two viewing screens of a sample is not the 
known except 90 degrees A focus is united with the end position Pmax of a scanning other 
than the focal current I of the end-face position Pn (Std). Acquisition of a picture can be 
performed by memorizing the focal current I at that time (Pmax), computing amount of focal 
current change deltal per direction scanning line of Y (Pn, Pmax) from there, and subtracting 
one by one on focal current I (=l (Std)). 

[0046] When [ moreover, ] it cannot carry at a level with a sample stand due to sample form 
Since a sample angle of gradient serves as an unknown, they are the direction scanning 
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starting position P1 of Y, the end-face position Pn, and the end position Pmax of a scanning. A 
focus is united with each and each focal current is memorized as I (P1), I (Std), and I (Pmax), 
respectively. At this time, they are the amounts delta I (P1, Pn) and delta I (Pn, Pmax) of focal 
current change per direction scanning line of Y. deltal(P1, Pn) =|l(P1)-l(Std) |/ln (Pn) - (formula 
16) 

deltal(Pn, Pmax) =|l(Std)-l(Pmax) |/ln (Pmax) - (formula 17) 

It becomes. Therefore, by carrying out serial addition of the deltal (P1, Pn) to focal current I (=l 
(P1)) from the direction scanning starting position P1 of Y for every one direction scanning line 
of Y up to the end-face position Pn Acquisition of a picture can be performed by subtracting 
deltal (Pn, Pmax) from the end-face position Pn one by one for every one direction scanning 
line of Y on focal current I (=l (Std)) up to the end position Pmax of a scanning. 
[0047] Drawing 9 is the schematic view showing operation of a dynamic focus. Usually, like 
drawing 4 (a), since the focal field 42 of observation at the time of a sample inclination of the 
angle on the surface 41 of a sample and the electron beam 4 does not correspond, it becomes 
the picture from which the focus shifted in respect of [ 44 ] the sample equivalent to the sample 
side 43 equivalent to the upper part of a display screen, and the display screen lower part. At 
this time, the pulse signal 50 inputted into the object lens power supply 20 has become as it is 
shown in a figure. At this time, focal current wave type (with no inclination) 45 inputted into the 
object lens 6 from the object lens power supply 20 are a steady value, as shown in a figure. 
[0048] Then, operate a dynamic focus and it lets the object lens power supply 20 pass for the 
pulse signal 46 adjusted to the direction scan of Y with the amount of focal change as 
mentioned above like drawing 9 (b). By making it superimpose on the focal current of the 
object lens 6, a focal position changes according to the direction scan of Y, the sample surface 
41 and the focal field 42 overlap, and the picture which had a focus in the whole surface can 
be obtained. At this time, focal current wave type (those with inclination) 47 inputted into the 
object lens 6 are a pulse signal as shown in a figure from the object lens power supply 20. 
[0049] Moreover, about the inclination by the side of reverse, it can respond by superimposing 
the pulse signal 48 which was made to reverse the polarity of the direction scan of Y, and was 
adjusted like drawing 9 (c) on focal current. Focal current wave type (those with reverse 
inclination) 49 at this time are a pulse signal as shown in a figure. 

[0050] The electron gun which generates an electron beam, the means on which converge and 
which an electron beam is made to irradiate, and the deviation means for scanning an electron 
beam on a sample, The detector which detects the signal generated from the sample surface 
by electron irradiation, and the means for displaying the detected signal, The fiducial point and 
the amount of change of object lens exciting current can be set up by having a dynamic focus 
function, reading separately two or more object lens exciting current in one frame, and 
remembering it to be a means to incline a sample. Moreover, the amount of change of object 
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lens exciting current can be changed in one frame. 

[0051] The angle of gradient of a sample can assume that it changed 90 degrees, for example, 
and the amount of change of object lens exciting current can be changed. 
[0052] When observing the both sides of a section and the surface simultaneously, it becomes 
observable after the focus has suited all over a view. 

[0053] Moreover, since the form of said operation and unevenness become reverse when 
applying this invention to grasp of the line pattern of the resist 103 with oxide film 102 on theta 
boards 101, such as a semiconductor made to incline, like drawing 10 ( drawing 9 (a)), In 
drawing 9 (b), it is each about a formula 10 and a formula 11. deltaf(P1, Pn) =y(Pn) and tan 
(90-theta) - (formula 18) 

deltaf(Pn, Pmax) =(y(Pmax)-y (Pn)) andtantheta - (formula 19) 

By carrying out, by carrying out subtraction [ in / for the addition in Step 517/ Step 51 8 ] to 
addition, a picture is acquired to subtraction and grasp of the roughness of a resist side part or 
the detailed form on the surface of an oxide film is made to it. 

[0054] Moreover, when the customer type of usage is photoing the picture of two sheets which 
united the surface and the section on the same view with each direction of dip as 1 set, for 
example for thin film evaluation, it can be managed with picture acquisition of one sheet by this 
invention. Improvement in efficiency is achieved and this is effective, when it is shown that the 
photography time after view determination becomes half and it measures a wide range a large 
number sample in routine work especially. 
[0055] 

[Effect of the Invention] In observation of the sample which has two or more angles of gradient 
according to this invention The problem referred to as that the picture which the focus suited all 
over the view is not obtained can be solved, and the scanning electron microscope which can 
acquire simply especially the bird's-eye view picture of a device rate section, or the FIB 
processing sample surface and a section which the focus both suited simultaneously can be 
offered. 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the outline composition of the form of operation of 

a scanning electron microscope based on this invention. 

[Drawing 2] It is the block diagram showing the partial details of drawing 1 . 

[Drawing 3] It is the block diagram showing the partial details of drawing 1 ■ 

[ Drawing 4 ] It is the figure showing the scanning pulse signal waveform in a scanning electron 

microscope. 
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[Drawing 5] It is the figure showing one operation flow chart of the form of operation of drawing 
1 . 

[ Drawing 6 ] It is the figure showing the operation flow chart of the form of operation of drawin g 
1 which follows the operation flow chart of drawing 5 . 

[Drawing 7] It is the schematic view showing operation of the inner steps 507-509 of the 
operation flow chart of drawing 5 . 

[ Drawing 8 ] It is the schematic view showing operation of the inner steps 51 1-513 of the 
operation flow chart of drawing 8 . 

[Drawing 9] It is the schematic view of a dynamic focus of operation. 

[ Drawing 10 ] It is the schematic view showing operation of the form of other operations based 
on this invention. 

[Explanations of letters or numerals] 

1 [ -- An electron beam, 5 / -- Condensing lens, ] -- An electron gun, 2 -- A drawer electrode, 3 
-- An accelerating electrode, 4 6 [ -- The direction scanning coil of Y, ] -- An object lens, 7 -- A 
sample, 8 -- The direction scanning coil of X, 9 10 -- A magnification control part, 1 1 -- The 
direction scanning control part of X, 12 -- The direction scanning control part of Y, 13 -- A 
sample stage, 14 -- A stage control part, 15 -- Focal current reading part, 16 -- An input device, 
17 -- A Tilt angle reading part, 18 -- Magnification reading part, 19 -- A dynamic focus control 
part, 20 -- An object lens power supply, 21 -- Sample surface, 22 [ -- The direction scanning 
coil of cathode-ray tube X, ] -- A secondary electron, 23 -- A detector, 24 -- A cathode-ray tube, 
25 26 -- The direction scanning coil of cathode-ray tube Y, 27 -- An image memory part, 31 -- 
The direction scanning pulse signal of X, 32 -- The direction scanning pulse signal of Y, 33 -- 
Scanning time, 34 -- Scanning return time, The scan for 35--1 frame, 41 -- The sample surface, 
42 -- A focal side, 43 -- The sample side, 44 equivalent to the upper part of a display screen -- 
The sample side equivalent to the lower part of a display screen, 45 [ -- The pulse signal, 49 
which reversed polarity and adjusted amplitude / -- Focal current wave type (those with a 
reverse inclination), 50 / -- Pulse signal, ] -- Focal current wave type (with no inclination), 46 -- 
The pulse signal, 47 which adjusted amplitude -- Focal current wave type (those with an 
inclination), 48 71 -- A signal waveform, 72 -- Top peak (Top Peak), 73 -- The center of a 
display screen, 74 -- The distance between two on a display screen, 75 -- An end-face 
position, 76 -- Scanning movement magnitude [ on a sample ] y (Pn), 77 -- The scanning 
movement magnitude y on a sample (Pmax), 81 -- Sample (section), 82 [ -- An electrostatic 
auxiliary lens, 101 / -- A substrate, 102 / -- An oxide film, 103 / -- Resist. ] -- Amount of required 
change deltaf (P1 , Pn) of a focus, 83 -- Amount of required change deltaf (Pn, Pmax) of a 
focus, 84 -- y (Pn), 85, -- (y(Pmax)-y (Pn)), 90 
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[Drawing 3] 
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[ Drawing 7 ] 
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[Drawing 6] 
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[ Drawing 9] 
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[Drawing 10] 
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